Summary. Ammonia-nitrogen excretion and oxygen consumption rates after a meal were followed in carp larvae and juveniles of different sizes, starting from early exogenous feeding and until they had reached about 1 g of body weight. There was an immediate rise in the nitrogen excretion rate after feeding ; the amplitude and duration of this increase were affected by body weight (BW) 
Summary. Ammonia-nitrogen excretion and oxygen consumption rates after a meal were followed in carp larvae and juveniles of different sizes, starting from early exogenous feeding and until they had reached about 1 g of body weight. There was an immediate rise in the nitrogen excretion rate after feeding ; the amplitude and duration of this increase were affected by body weight (BW) Attempts to feed carp (Cyprinus carpio) larvae artificially have met with variable success. The ideal practice suggested (Van der Wind, 1979 ; Bryant and Matty, 1981) was to offer live food up to a certain stage during the larval period and then to switch to artificial diets. However, some earlier results suggested the possibility of directly weaning carp larvae onto artificial diets (Appelbaum, 1977 ; Dabrowski, 1982) . The notion of « adaptation ages » for weaning during early development of teleosts has been considered to be an artefact (Bryant and Matty, 1981) , resulting mainly from lack of sufficient knowledge of the nutritional constraints involved at such stages.
Besides nutritional problems that might be involved, successful early weaning of small-sized larvae onto artificial diets Would also depend on feeding strategies and techniques. The proteolytic enzymes of live prey were considered to be an important synergistic factor during the initiation of exogenous feeding because frozen or freeze-dried zooplankton were less efficient growth promoters than live material (Dabrowski and Glogowski, 1977 ; Van Lukowicz, 1979) . But Grabner et al. (1981) found that the loss of enzymes from zooplankton treated in these ways was due to the processes of leaching and that stability in water could be improved, for instance, by pelleting freeze-dried zooplankton. Previously, Ragyanszki (1980) (Kaushik, 1980 ; Kaushik et al., 1982) .
Before each trial, the fish well-adapted to a particular diet (except those receiving the first exogenous meal) were fed that diet for a known period (15 min In a preliminary trial, the effect of an anesthetic (ethylene glycol monophenyl ether, 0.3 ml.1-1 ) on the nitrogen excretion pattern of carp larvae was also studied. Three groups were tested : 1) fish anesthetized before entering the chamber ; 2) fish put in the chamber with anesthetic flowing through for 15 min, followed by slow recovery in fresh water ; and 3) non-anesthetized, sham-treated fish. Groups 1 and 3 responded similarly, while prolonged exposure to the anesthetic affected the postprandial excretion pattern (table 1) and, to a lesser extent, the recovery of the fish as well. We decided to follow procedure 1 which consisted of rapid anesthesia, introduction into the chamber with flowing fresh water, and then analysis.
Endogenous nitrogen excretion (ENE) was estimated either by feeding the fish a NP diet or after a 24-hour fast. Two groups of fish that were initially welladapted to either the natural diet or the artificial diet were used in this study.
The rate of food passage through the digestive tract was investigated at three different stages : in larvae weighing 10 mg and fed on zooplankton, and in fish of 30 and 200 mg BW that were fed an artificial diet containing a marker (1 % Cr 2 0 3 ). The remnants of zooplankton in the digestive tract of 10-mg larvae were visually counted and recorded at short intervals after a meal. Carp larvae fed on the artificial diet were sampled at regular intervals after a meal, and whole fish were analyzed for chromic oxide content after acid digestion (Bolin et al., 1952) (fig. 3) . The time of appearance of peak rates (T max in min) was affected by body weight (table 2) .
Paired t-tests showed that ammonia excretion rates were higher in zooplankton-fed carp than in two (about 100 and 1 000 mg) out of three sizes of carp fed the artificial diet ( fig. 4 ; p < 0.011. The food consumption rate of 450-mg carp fed the artificial diet (12.9 %) was higher than that of 427-mg fish fed the natural diet (9 %) ; nitrogen excretion rate was also higher.
Regression equations were calculated between body weight and/or nitrogen intake and the different coefficients of the model. The coefficients A l , À 2' and A4
were significantly related to body weight ( (Brett and Zala, 1975 ; Kaushik, 1980) . The duration of this immediate postprandial rise (very short in young larvae) lasted longer as the fish grew and was also affected to a great extent by nitrogen intake.
On the first day of feeding, the routine level of excretion was extremely high compared to that on subsequent days, showing very inefficient utilization of ingested nitrogen by larvae feeding for the first time. If maintained, this rate of 160 pg N.g -1 . h -1 at the first exogenous feeding would amount to a total daily loss of nearly 36 % of body nitrogen stores. That this increased basal rate is due to inefficient utilization of ingested nitrogen (in the first meal) is evident from the fact that unfed larvae of this size (2 mg) and age (160 degree-days) excrete much less (30 pg N.g-1 .h-1 ; Kaushik et al., 1982) . At this stage, computation (Elliott and Davison, 1975) shows that the oxygen consumed is used primarily for protein oxidation.
This high routine rate of excretion decreased very rapidly and, even in larvae weighing 4.7 mg, the pattern of nitrogen excretion was comparable to that observed at later stages. It might have been interesting to follow the patterns after every meal on the first day of exogenous feeding.
The initially high growth rates of larvae fed live food and the later decline in SGR are comparable to the observations of several authors (Bryant and Matty, 1980 ; Hogendoorn, 1980) . The carp were weaned onto an artificial diet when they weighed only 25 mg and growth rates were almost identical with the artificial or the natural diet. The high food consumption rates were somewhat similar to those described by Bryant and Matty (1981) . Patterns of nitrogen excretion did not differ between the two types of diets. According to Ragyanszki (1980) , the digestive tract of carp larvae contains proteolytic activity even immediately after hatching, and there is no difference in activity between larvae fed live food or artificial food.
Peak rate of nitrogen excretion after the meal was more affected by the amount of nitrogen consumed than by body weight (table 2) . Although variable, the protein content of fresh zooplankton did not differ much from that of the artificial diet employed. Variability in the gross biochemical composition of live food is an unavoidable natural phenomenon (Yurkowski and Tabachek, 1979) . But the greatest differences in nutritional quality have not been observed in the protein or amino acid fraction but in the fatty acid composition of live food Watanabe, 19791. Oxygen consumption rate seems to be affected by the type of diet employed. The fat/protein ratio utilized, which would explain the oxygen consumed by the fish, also declined with increasing size, especially in juveniles fed the artificial diet. Both routine nitrogen excretion and oxygen consumption rates were also affected by body weight.
The drop in postprandial N-excretion rates to the prefeeding level corresponds to the rate of evacuation of foodstuffs from the digestive tract in larval carp, as suggested by Brett and Zala (1975) 
